Using a pp collision data sample corresponding to an integrated luminosity of 3.0 fb −1 , collected by the LHCb detector, we present the first search for the strangenesschanging weak decay
Measurements of the lifetimes of beauty baryons provide an important test of Heavy Quark Effective Theory (HQET) [1] [2] [3] [4] [5] [6] [7] [8] in which it is predicted that the decay width is dominated by the weak decay of the heavy b quark. Large samples of b baryons have been collected by LHCb, enabling precise measurements of their masses and lifetimes [9] [10] [11] [12] , which are generally in good agreement with HQET predictions. Recently, it has been noted [13] [14] [15] [16] that for the Ξ − b and Ξ 0 b baryons, the weak decay of the s quark could contribute about 1% to the total decay width. It has also been argued [13] that if the light diquark system has J P = 0 + and exhibits the diquark correlations suggested in Refs. [17, 18] , this could enhance the contribution from the weak decay of the s quark in the Ξ 
where f Ξ ) are the invariant masses of the respective candidates, and m π is the π − mass [19] . The measurement uses proton-proton (pp) collision data samples collected by the LHCb experiment, corresponding to an integrated luminosity of 3.0 fb −1 , of which 1.0 fb −1 was recorded at a center-of-mass energy of 7 TeV and 2.0 fb −1 at 8 TeV. The LHCb detector [20] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system, which provides a momentum measurement with relative uncertainty of about 0.5% from 2−100 GeV/c and an impact parameter resolution of 20 µm for particles with large transverse momentum (p T ). The polarity of the dipole magnet is reversed periodically throughout data-taking to reduce asymmetries in the detection of charged particles. Ring-imaging Cherenkov detectors [21] are used to distinguish different types of charged hadrons. Photon, electron and hadron candidates are identified using a calorimeter system, which is followed by detectors to identify muons [22] .
The trigger [23] consists of a hardware stage, based on information from the calorimeter and muon systems, and a software stage, which applies a full event reconstruction [23, 24] . The software trigger requires a two-, three-or four-track secondary vertex that is significantly displaced from the primary pp interaction vertices (PVs) and whose tracks have a large scalar p T sum. At least one track should have p T > 1.7 GeV/c and be inconsistent with coming from any of the PVs. The signal candidates are also required to pass a multivariate software trigger selection algorithm [24] .
Proton-proton collisions are simulated using Pythia [25] with a specific LHCb configuration [26] . Decays of hadronic particles are described by EvtGen [27] , in which final-state radiation is generated using Photos [28] . The interaction of the generated particles with the detector, and its response, are implemented using the Geant4 toolkit [29] as described in Ref. [30] .
Candidate Λ 0 b decays are formed by combining Λ + c → pK − π + and π − candidates in a kinematic fit [31] . The selection criteria are identical to those used in Ref. [12] , except that no requirement is made on the particle identification (PID) information for the π 2 are used to model the corresponding background spectra. A loose selection on the BDT1 output is applied, which provides an efficiency of (98.6 ± 0.5)%, while reducing the background by a factor of four.
The invariant mass spectrum of selected Λ + c π − candidates is displayed in Fig. 1 . The yield is determined from an unbinned extended maximum likelihood fit using the signal and background shapes as described in Ref. 
is (256.7 ± 0.6) × 10 3 , and the fraction − decays, and the background spectra are taken from WS candidates that have 34 < δm < 44 MeV/c 2 . Separate training and test samples were compared and showed no bias due to overtraining.
A loose selection on the BDT3 output is applied, rejecting about 3% of the expected signal events. The selected events are divided into two signal-to-background (S/B) regions according to the BDT3 output: a high S/B region and a low S/B region. The split between the high and low S/B regions is chosen to provide optimal expected sensitivity. The expected ratio of yields in the low S/B to high S/B regions is 1.60, which is fixed in the fit to data. An event may have more than one Ξ − b candidate, almost always due to a single Λ 0 b
candidate being combined with more than one π − candidate. The average number of candidates in events that contain a candidate in the low S/B region is 1.35, and 1.02 in events that contain a candidate in the high S/B region. All candidates are kept. Potential bias on the signal yield determination due to this choice was investigated, and none was found.
Four disjoint subsamples of data are used in the fits, split by charge (RS, WS) and by S/B region (low, high). Including the WS data allows additional constraints on the shape of the combinatorial background, and also provides a consistency check that the signal yield in the Λ 0 b π + mode is consistent with zero. In these four δm spectra we allow for three contributions: a Ξ resonances are being studied in a separate analysis. The combinatorial background is described by the threshold function where the parameters A and C are freely varied in the fit to data. One set of parameters is used for the low S/B region, and a separate set for the high S/B region. For each S/B region, the RS and WS spectra share a common set of parameters.
The resulting mass fits are shown in Fig. 2 . The Σ − signal yield. Different choices for the fit range and the combinatorial background function were investigated, and among these fit variations, a maximum shift in the signal yield of 12.6% was found. The full difference is assigned as a systematic uncertainty.
Additional systematic uncertainties that affect r s include the relative efficiency between the low and high S/B regions, the slow π − detection efficiency, and the yield of Λ 0 b decays. In comparing the BDT1 distributions for Λ
− signal in data and simulation, as well as the background distributions for BDT3 in data and simulation, the relative efficiencies do not vary by more than 2% for any BDT selection. We therefore assign 2% as a systematic uncertainty. The π − meson from the Ξ − b decay must be reconstructed and have p T > 100 MeV/c. The tracking efficiency uncertainty is assessed using data-driven techniques [36] , and is less than 1.6%. The uncertainty due to the p T requirement is estimated by interpolating the p T spectrum from 100 MeV/c to zero in simulated decays, and assuming that the fraction of signal events in this p T region in data could differ from the simulated fraction by as much as 25%. This leads to a model uncertainty of 1.7%. Thus, an uncertainty of 2.3% is assigned to the detection of the π − from the Ξ − b decay. For the number of Λ 0 b signal events, we assign a 1.0% uncertainty, which includes both the statistical component and a systematic uncertainty due to the signal and background shapes used to fit the Λ + c π − mass spectrum. To check the robustness of the signal, the data were partitioned into different subsamples and the fitted yields in each were determined independently. The subsamples consisted of 
. In all three cases the signal yields are compatible with expectations. Other robustness checks were also performed, such as placing a stringent PID requirement on the π − , fitting only the RS data, and using only raw invariant masses (without the full kinematic fit). Upward and downward variations are observed, but in all cases, the fitted yields are consistent with expectations.
The significance of the signal is computed with Wilks's theorem [37] . The systematic uncertainty is included by convolving the likelihood function with a bifurcated Gaussian distribution whose widths are given by the asymmetric uncertainties in Table 1 , which leads to a significance of 3.2σ. We thus have evidence for the Ξ 
